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1
$\Omega\subset \mathbb{R}^{d}(d=2,3)$ , $\Gamma\equiv\partial\Omega$ $\Omega$ , Navier-Stokes ;
$\{\begin{array}{ll}\frac{\partial u}{\partial t}+(u\cdot\nabla)u-\nabla(2vD(u))+\nabla p=f, (x,t)\in\Omega\cross(O, T),\nabla\cdot u=0, (x,t)\in\Omega\cross(0, T),u=g, (x,t)\in\Gamma\cross(0, T),u=u^{0}, x\in\Omega, t=0,\end{array}$ (1)
$(u, p)$ : $\Omega\cross(0, T)arrow \mathbb{R}^{d}\cross \mathbb{R}$ . , $u,p$
, $v>0$ , $f$ : $\Omega\cross(0, T)arrow \mathbb{R}^{d},$ $g:\Gamma\cross(0, T)arrow \mathbb{R}^{d},$ $u^{0}:\Omegaarrow \mathbb{R}^{d}$
. $D(u)$ ,
$D_{ij}(u) \equiv\frac{1}{2}(\frac{\partial u_{i}}{\partial x_{j}}+\frac{\partial u_{j}}{\partial x_{i}})$ $(t_{\dot{J}}=1^{\backslash }\cdots,d)$ ,
,
$[ \nabla D(u)]_{i}\equiv\sum_{j=1}^{d}\frac{\partial D_{ij}(u)}{\partial x_{j}}$ $(i=1, \cdots,d)$ ,
.
[2, 8, 9, 11] ,
. , [4]
$(P2/P1$ $)$ , .
[7, 6] . ,
, $P1/P1$ , [3] .
, . , , 3
.
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2
$w:\Omegaarrow \mathbb{R}^{d}$ , $(w,\Delta t)$ : $\Omegaarrow \mathbb{R}^{d}$
$X_{1}(w,\Delta t)(x)\equiv x-w(x)\Delta t$
. $0$ , $\Omega$ $\psi$
$\psi oX_{1}(w,\Delta t)(x)\equiv\psi(X_{1}(w,\Delta t)(x))$
. $t^{n}\equiv n$ , $\Omega\cross(0,T)$ $\Gamma\cross(0, T)$ $\psi$ $\psi^{n}\equiv\psi(\cdot,t^{n})$
. $N_{T}\equiv[T/\Delta t]$ . $9_{h}\equiv\{K\}$ $\Omega$ ( ) .
$\Omega_{h}\equiv int\cup\{K;K\in$ $\}$
, $\Gamma_{h}\equiv\partial\Omega_{h}$ . $g\in C^{0}(\Gamma\cross[0,T])^{d}$ , $P1/P1$
$X_{h}\equiv\{v_{h}\in C^{0}(\overline{\Omega}_{h})^{d};v_{h}|_{K}\in P_{1}(K)^{d},$ $\forall K\in ff_{h}\}$ ,
$M_{h}\equiv\{q_{h}\in C^{0}(\overline{\Omega}_{h});q_{h}|_{K}\in P_{1}(K),$ $\forall K\in ff_{h}\}$ ,
$V_{h}(g^{n})\equiv\{vh\in X_{h;}v_{h}(P)=g^{n}(P),$ $\forall P:\Gamma_{h}$ $\}$ ,
$Q_{h}\equiv\{q_{h}\in M_{h};(q_{h}, 1)=0\}$ ,
, $V_{h}\equiv V_{h}(0)$ . $\Pi_{h}$ $C^{0}(\overline{\Omega}\cross[0, T])^{d}$ $X_{h}$ $C^{0}(\overline{\Omega}\cross$
$[0, T])$ $M_{h}$ . $f\in C^{0}(\overline{\Omega}\cross[0, T])$ $\equiv\Pi_{h}f$ . $u,$ $w\in$
$H^{1}(\Omega_{h})^{d}$ $V_{h}$ $\ovalbox{\tt\small REJECT}_{h}(u,w,\Delta t),$ $S_{h}^{n}$
$\langle\ovalbox{\tt\small REJECT}_{h}(u,w;\Delta t),$ $v_{h} \}\equiv(\frac{u-woX_{1}(w,\Delta t)}{\Delta t},$ $v_{h})$ , $\{S_{h}^{n}, v_{h}\}\equiv(f_{h’ h}v)$ ,
, $H^{1}(\Omega_{h})^{d}\cross H^{1}(\Omega_{h})^{d},$ $H^{1}(\Omega_{h})^{d}\cross L^{2}(\Omega_{h}),$ $H^{1}(\Omega_{h})\cross H^{1}(\Omega_{h})$
$a_{h},$ $b_{h},$ $_{h}$
,
$ah(u,v)\equiv 2v(D(u),$ $D(v))$ , $b_{h}(v,q)\equiv-(\nabla\cdot v,$ $q)$ ,
$_{h}(p,q) \equiv-\delta\sum_{K\in F_{h}}h_{K}^{2}(\nabla p,$
$\nabla q)_{K}$ ,





$\forall(v_{h},q_{h})\in V_{h}\cross Q_{h},$ $n=1,\cdots,N_{T}$ ,
$\{(u_{h}^{n},p_{h}^{n})\in V_{h}(g^{n})\cross Q_{h;}n=1, \cdots,N_{T}\}$ .
113
3
, CG CR [1, 51.
, 2 [10] . $X$
$\{\psi^{n}\}_{n=1}^{N_{T}}$ , $\Vert\cdot\Vert_{l^{2}(X)}$
$\Vert\psi\Vert p_{(X)}\equiv\{\Delta l\sum_{n=1}^{N_{T}}\Vert\psi^{n}\Vert_{X}^{2}\}^{1/2}$
. $(u,p),$ $(u_{h}$ ,ph (1), (2) .
$Err \equiv\frac{\Vert\Pi_{h}u-u_{h}||_{l^{2}(H^{1}(\Omega)^{d})}+||\Pi_{h}p-p_{h}\Vert_{l^{2}(L^{2}(\Omega))}}{\Vert u_{h}||_{l^{2}(H^{1}(\Omega)^{d})}+||p_{h}||_{l^{2}(L^{2}(\Omega))}}$
. 1 , (2) .




$\delta=0.05,$ $u_{h}^{0}\equiv\Pi_{h}u^{0}$ . $N_{\Omega}$ , $h\equiv 1/N_{\Omega}$ . $\Delta t=h$
, $N_{\Omega}=4,8,16,32,64$ . 1
$N_{\Omega}=8$ , Err . $\Delta 1(=h)$
1 .
$Re\equiv 1/v$ . 3 $(Re=1,000)$
.
2( , $Re=1,000$). (1) $v=10^{-3},$ $f=0$,
$g_{1}(x,t)=\{\begin{array}{ll}16x_{1}(1-x_{1})_{X2}(1-x_{2}) (x_{3}=1)0 (\text{ })’\end{array}$ $g_{2}=g_{3}=0$ ,
, $u^{0}$ Stokes ( 2).
(2) $\delta=0.05$ . , 3 2
. $F$ (Fine mesh), $C$ (Coarse mesh) .
$F$ $=1/32$, $C$ $=1/24$ .
. 4 $u_{h1}(0.5,0.5, \cdot),$ $u_{h3}(\cdot,0.5,0.5)$
, . 4 , , , $F$
, .
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1: $N_{\Omega}=8$ ( ) $\Delta 1$ Err ( ).
2: 2 ( ) $g_{1}(\cdot, \cdot, 1)$ ( ).






4: $u_{h1}(0.5,0.5, \cdot)$ $u_{h3}(\cdot,0.5,0.5)$ ( )
$(x2=0.5 ($ $), x\iota=0.5 ($ $), x3=0.5 ($ $))$ .
4
Navier-Stokes .
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